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FLEXIBLE SOURCE WIRE FOR LOCALIZED 
INTERNAL IRRADUnON OF TISSUE 

REFERgNCT TO RFT.ATPn PATPNT APPT TrATrrM^<^ 

The present plication is a continuation-in-part of U^. application Serial No. 08/257,045 
filed June 8, 1994 and cntiaed "Flexible Source Wire for Radiation Treatment of Diseases," the 
entire contents and disclosure of w^iich are hereby specifically incorporated by reference. 

FTFT.n OF TWP T>fVFNTTnN 

The present invention relates generally to ladioactive source wires \lsed to inadiate body 
tissue in the treatment of disease. More parricularly, the present invention relates to the use of 
an elongated radioactive source wire with increased flexibility for the localized delivery of 
ladiation to diseased tissue. 
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BACK-GRnt JNn OF TTTF TKVP^mo^f 

Radiation is used to titat cancer and other diseases of the body. Radiation has long been 
proven to destroy fast multiplying cells (e.g^ cancer) in hopes of destroying or preventing the 
spread of the disease. Brachytherapy, which is the treatment of cancer at close distances, is one 
example of the use of radiation for treating diseases of the body. During brachytherapy. a 
radioactive source or sources are positioned in the area needing treataient Depending on the 
shape, size and delivery means of the radioactive sources, the sources are either kept pennanently 
in die body or removed after a specific amount of time. Since permanent implants are tiny seeds 
approximately 3njm long and 0.5mm wide, the use of these seeds dojiot relate to the present 
invention. Consequently, the focus of this application wiU be on the field of temporary implants. 

The term temporary implants describes the procedure of maneuvering a radioactive source 
or sources to &e treatment site utilizing a transport catheter or tube which has been previously 
placed in the vicinity of diis treatment site. Alternatively, the transport catheter and temporary 
implant can simultaneously be maneuvered to the treatment site. In either siniation, after a 
specified period of dme, these sources and the transport cathetd or mbe are removed from the 
body. Smce the radioactive source or sources may encounter a tortuous path in various arteries, 
veins, ducts, or the like inside ibc body to reach the treatment site, the radioactive source is 
usually attached by some device to a flexible drive member. This source and the drive member 
may be used many times, and, therefore must be able to withstand the many bends it encounters 
when it is maneuvered to the treaaient site or removed therefrom, without breaking. 
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Then are several devices on the market in which radioactive sources are attached to 
flexible drive members. Each of these devices is constructed in a different fashion and each has 
its limitations. Examples pf these prior ait devices are described in VS. Patents 4,819.618 and 
5,141.486. both issued to Liprie as well as U-S. Patent 4, 861.520 issued to van't Hooft. Tht two 
Liprie patents describe a radioactive dement which is attached to a drive member by means of 
a junction welded to the drive cable. TTie patent to van't Hooft describes an appaianis which 
attaches radioactive sources to a drive cable by means of a stiff capsule welded into the end of 
tiie cable. Since the most resistive portion to flection of any flexible material, such as a cable, 
tube, or wire is the segment closest to the end, to join a capsule which is stiffer than this material 
and welded onto its end would only add to the resistance to bending and would adversely effect 
maneuvering the material through the body. 

VS. Patent 5,084.002 issued to Liprie describes an ultra-thin high dose nidium 
source included within an oversized hole drilled inside the end of a soUd platinum wire. Drilling 
a hole into a thin wire is veiy difficult since the maximum depth the hole can be driUed is equal 
to ^jproximately seven dmes the outside diameter of the wire. To drill a hole deeper dun this 
is extremely difficult due to the drifting of the driU as it burrows the hole. This drifting can lead 
to a thinning of the cavity walls which greatly increases the chances of breakage. TTiis breakage 
is often disastreus, resulting in unwarranted radiation exposure. A larger outside diameter wire 
win be needed to compensate for the diiftmg and stiU allow the walls of die cavity to be thick 
enough to withstand stress. Unfortunately, this larger diameter wire might be too brge to fit into - 
many constricted areas of the body. As described in Liprie '002 one can drill a cavity mside a 
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solid wire, if one starts with an oversize wire and an oversize hole and then the whole assembly 
is drawn down to the desire diameter of the wire. However, whenever a wre is drawn down, 
the assembly containing the cavity elongates and the precise positioning of the radioactive core 
inside the assembly can become very difficult. Additionally, this larger diameter wire would 
result in less flexibility and may not be able to be maneuvered to the ireatmcm site. 

Finally, U.S. Patent 5282,781 issued to Liprie employs nibe, a backbone wire, a pure 
iridium core and a plug and draws down the entire assembly to form a tight seal between the 
housing material and the backbone wire and the plug. Without this drawing down of the houang 
onto the backbone wire, radioactive flakes from the core wuld migrate throughout the inside of 
the assembly wire, resulting in unwanted contamination. This "drawing down"* step would 
increase the costs and difSculty^f maaufecturing Sic source wiec. Furthermore, any "drawing 
down" step as described in U.S. Patent No. 5,084,002 and U.S. Patent No. 5,282,781 would not 
work on a memory resistant alloy. As soon as a memory resistant alloy had been drawn through 
a die, the alloy would resume its original shape. If the memory resistam alloy was drawn beyond 
the threshold of its elasticity, tiiea the memory resistant properties of the alloy would be 
destroyed. 

Thus, there exists a need for a radioactive source wire that has an extremely 
diameter and is flexible, yet has sufficient tensile strength to traverse a tortuous route of bends 
and turns without breaking. 

It is an object of the present invention to provide a small diameter source wire that is 
extremely flexible and wiU allow the source to travel to the site of treatment without binding. 


< 
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It is another object of the present invention to provide a source wire that is stnng enough 
to withstand the stresses placed upon the source, as it is maneuveted to and from the site of 
treatment widiin the patient, without breaking. 

t 

Yet another object of the present invention is to provide an improved souzce wire design 
5 ' that includes a mechanism for relieving some of the stress encountered by the metal housing tube 
of die source wire as it is maneuvered to the treatment site. 

Still yet another obje« of the present invention is to. provide an improved source wire that 
exhibits litde or no memory retendon w^ien bent 

An additional object of the present invention is to provide for improved methods of 

O niMuiMiuring source wires that would decrease the costs and difBcaliy in manufec^^ 
wires without sacrificing die quality of the manuiachired source wire. 
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SUMMARY OP TWF T>A;P>smnM 

These and other deficiencies of the prior an are addressed by the present invention w*ich 
is directed to a flexible source wire for the radiation treatmem of disease in which the source 
wire contains a radioactive core and is easily maneuvered to the site of treatment through various 
conduits in the body. 

A flexible source wire is provided containing a radioactive source that is capable of 
-maneuvering through a tortuous narrow passage to a treatment site within the body. This source 
wire includes a thin flexible housing nibe, housing therein a flexible backbone wire, wherein both 
the tube and the wire are constructed from a material exhibiting little or no memory retention 
when bent A radioactive core is provided in the proximal end (^.e., the treaonent end) of the 
thin flexible housing tube and abuts the proximal end of the backbone wire. Both ends of the 
source wire are sealed and at least the proximal end of the source wire is rounded to allow ease 
of movement as it travels throu^ the bends and turns in the body. 

The flexible source wire described herein may have a backbone wire tfa^ is tapered at the 
end closest to the radioactive core. The t24)cred end of the backbone wire terminates next to the 
radioactive core in a rounded area shaped like a ball. The radioacdve core, posidoned within die 
housing tube, may exist openly widiin the housing tube or may be localized in an open-ended 
capsule or may be encapsulated by a thin-walled, flexible material or coating dsat allows the 
passage of neutroxss. 

One advantage of the present invention is that it provides a smaller diameter source wire 
than is currently available. 
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Another feature and advantage of the present invention is that the source wire has a 
sufficient tensile strength and flexibility to withstand the stresses encountered v/ha the source 
wire is maneuvered to the site of treatment 

Yet another feamre and advantage of the present invention is that it provides a novel 
mechanism for relieving some of the stress encountered by the metal housing tube as the source 
wire is maneuvered to the treatment site. 

Sail yet another feature and advantage of the present invention is that the source wire is 
made of a material that can undergo a 1% strain with less than a 1% alteration in its original 
conformation. 

A further feature and advantage of the present invention is that it provides improved 
methods of manufacturing source wires that will save the manu&cmrer time and money. 

Additional feamres and advantages of the invendon will be described hereinafter which 
form die subject of the claims of the invention. It should be appreciated by those skilled m the 
ait that the conception and the specific embodiment disclosed may be readily utilized as a basis 
for modifying or designing other structures for carrying out the same purposes of the present 
invention. It should also be realized by those skilled in the art that such equivalent eons&uctions 
do not depart from the spirit and scope of the invention as set forth in the claims of the 
invention. 
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For a more complete understanding of the present inveniion, and the advantages thereof 
reference is now made to the following descriptions taken in conjunction with the accompanying 
drawings, m winch: 

FIGURE 1 is a partial cross-section of one embodiment of a source wire showing a 
backbone wire and a radioactive core taclosed within a flexible bousing nibe; 

FIGURE 2 is a partial cross-secuon of another embodiment of a source wire showing a 
radioactive core enclosed in a capsule within the flexible housing tube; 

FIGURE 3 is a partial cross-section of another embodiment of the present invention 
bavix:ig a radioactive core in an open-ended o^sule within a flexible housing tube; 

FIGURE 4A is a partial cross-section of another embodiment of the present invention 
having a tapered backbone wire with a rounded area on the proximal tip of the backbone wire; 

FIGURE 4B shows the embodiment illustrated in FIGIHRE 4A where the backbone wire 
has altered its shape in response to stress; 

FIGURE 4C shows an embodiment having the t^>ered backbone wire illustrated b 
FIGURE 4A but where the radioactive core is placed directly into the housing tube rather than 
in an open-ended capsule; 

FIGURES 5A through C show a diagrammatic view of a source wire and vAiat happens 
when the flexible housing tube breaks and the backbone wire is not attached to tiie inner surface 
of the housing tube; * 
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nCURES 5D and E show a diagrammatic view of a source wire, with and without a 
break in the housing tube, where the backbone wire is attached to the inner suifece of tte 
housing mbe; 

FIGURE 6 shows a partial cross-section of a. source wire positioned in a heat sink before 
its proximal end is sealed; and 

FIGURE 7 shows a partial cross-scction of a source wire having a backbone, comprised 
of 4 number of balls linked together by a thin wire, and a radioactive cote coated with a neutron 
permeable material within a flexible housing tube. 
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DHTArLED nF^jPRrPTroN OF TWF ppFFPppFn CMRnnnxCTfi-^ 

The present invention relates to the design and manufacture of impnDved source wires for 
deUvering radioactivity to a site of treatment within the hunuui body. The invention relates id 
a novel source wire design that provides improved source wire flexibility and stiengdj such that 
the improved source wire can survive the stress encountered when it is subjected to the 
manipulations necessary to maneuver the source wire to and ftom an internal treatment site for 
the localized deliveiy of radiation to diseased tissue. The present invention may be used to treat 
cancer, stenosis, or other diseases of the body. The use of the present invention m the treatment 
of stenosis is described in co-pending U.S. patent ^pUcation entitled "Method and Apparanis for 
Treating Stenosis," Serial No. 08/220.681, and is hereby incorpoiaied by reference haein. 

Refciring now to the drawings, and initially to FIGURE 1, it is emphasized that ±t 
Figures, or drawings, are not intended to be to scale. For example, purely for the sake of greater 
clarity in the drawings, wall thickness and spacings are not dimensioned as they actually exist 
in the assembled embodiments. Furthermore, the lengths of the backbone wire and the 
radioactive core are illustrated out of proportion to how they actually exist, purely for the sake 
of daiity. 

FIGURE 1 illustrates a first embodiment of a source wire 10. Among the components 
of the source wire 10 is a thin, elongated, flexible metal housing tube 120. Since diis housing 
tube 120 is used to maneuver the radioactive core to a remote treattient site, the lengtii of the 
tube must be adequate to reach the treatment site when the source wire 10 is inserted through a 

-10- 


1 I. 


WO9«/403S2 PCT/US96/0g688 

catheter implanted in a patient's body for that purpose. Typically, tube 120 wiU have a length 
of at least 100 cm and may extend for a much greater distance. AdditionaUy, the outside 
diameter of mbe"r20 will range from about 0.012" to about 0.018" and is preferably about 
0.0I4-. Tube 120 has thin walls, with a waU thickness ranging from abow 0.0020" to about 
i 0.0035" and is preferably about 0.0025". The internal diameter of the housing tube langes from 
about 0,008" to about 0.014" and is preferably about 0.0093". 

Selecting the size of the metal housing mbe 120 requires that one balance the increased 
trauma to the tissue through which source wire 10 will pass, with the increase in tensUe strength 
and elongation of larger tubing. The tubing to be used should be as small as practical and still 
have the tensile strength, flexibiUty, and elongation propmies necessary to withstand the 
pressures put upon the source wire while it is maneuvered throu^ut the body. 

Preferably, housing mbc 120 is constructed from a material that can accept up to a 194 
stram with less than a 1% alteration in its original sh^ Cue., a material flat exhibits little or no 
memory retention when bent). Most metals such as stainless steel will mcur a permanent 
15 alteration in its original shape whea subjected to as little as a 0.1% strain. An exanq>le of a 
T" " ^eria l that exhibits little or no memory retention when bent is Trnd Alloy BB, a 
titamum/nickel all<»y, oanu&cured by Raychem Corporation, Menio Park, Califemia. Another 
coBomercially available alloy wiii similar properties is Nitinol® laanufecmred by Shape Memory 
Alloys, Sunnyvale, California. Tmel Alloy B&, and other such nickel/titantium alloys, are 
comprised of about equal quantities of nickel and titantium, such as an alloy composed of about 
55% nickel and about 45% titantium. 


10 


20 
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Tube 120 has two ends, one of which wUI ultimately constitute the proximal end 140 and 
the other the distal end ISO of source wire 10. The proximal end 140 should be rounded to 
facilitate the movement of source wire 10 through the bends and turns of the vasculanire, or other 
treatment sites. 

Another component of source wire 10 is a flexible backbone wire 130 which has a 
diameter slightly less than the inner diameter of housing mbe 120, and is preferably about 
0.0085" in diameter. Since the backbone wire 130 has a smaller diameter than the inner cKameter 
of the housing mbe 120, a small gap 175 will exist between the outer surfecc of the backbone 
wire 130 and the inner surface of the housing tube 120. Backbone wire 130 is positioned within 
the lumen of metal mbe 120 from the distal end 150 of tube 120 and extending virtually the 
entire length of the tube except for a portion of tube 120 at the proximal end which will 
accommodate the radioactive core 160. Backbone wre 130 will generally be secured to the distal 
end 150 of housing mbe 120 by weld 165, or some other means of atiachment such as gluing. 
In addition, backbone wire 130 may be afBxed to the inner surface of housing mbe 120 at a 
variety of attachmem sites 168. 

An imponant function of backbone wire 130 is to enhance the flexibility of source wire 
10. Hie outer mccai housing mbe 120 has a certam degree of flexibility, but in the absence of 
inner support would tend to bend or buckle and may even coU^e when transvet^ing tight turns 
through a catheter. Thai tendency is prevented by the presence of the internal backbone wire 
130. Thus, the backbone wire 130, like the houang mbe 120, must be composed of a very 
flexible material with sufficient tensile strength to undergo the. sitress encountered when the 

-12- 


wo 96/40352 


PCT/US96/08688 


source wire 10 is maneuvered to a treatment she. Therefore, backbone wire 130 should be 
constructed of a material with properties similar to that of housing tube 120. In fiict, if the 
backbone wire 130 is welded to the distal end of tube 120 then the backbone wire 130 and tube 
120 should be made of the same material, for example a titanium/nickel alloy as described above. 

For ease of initially inserting the backbone wire 130 into the tube 120 and to allow 
greater pivoting of the assembly while reducing stress to the housing material, the proximal end 
170 of the backbone wire 130 is rounded. Other configurations of backbone wire 130 will be 
discussed in the description of other embodiments of the invention. 

A third component of source wire 10 is a radioactive core 160. Radioactive core 160 may 
be conq)osed of a variety of dififerent radioisotopes such as Ir-192, Cs-137, Co-57, Co-60, Sr-89, 
Sr-90, P.32, Y-90, Au-I98, 1-125, Pd-103, Sc.75, Ru-106, Yb.169, or Am-241. However, the 
preferred embodiment of core 160 will consist of a substantially pure iridium, v^ch has been 
inajliated in a nuclear reactor to produce Ir*I92 of a predetennined strength ^propriate to its 
weight Core 160 has a diameter that is small^ than the izmer diameter of housing nzbe 120. 
Core 160 is inserted in the proximal end of the lumen of tube 120 and is pushed inward until 
core 160 abuts the rounded end 170 of backbone wire 130. A plurality of radioactive cores 160 
may also be employed in the present inventiozL 

A preferred embodiment of the invention has a radioactive core 160 of ax least 20 mm 
in length that emits abovx 380 keV of energy. By spreading out the 380 keV emioed over at 
least a 20rmm distance, the core 160 is directly visible with a fiuoroscope. Alflioiigh the" enefgy~ 
emitted by the radioactive core 160 and the length of the source of radioactivity .will vary with 
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different embodiments of tlie mvention, the ptefeired embodiment will have a tadioactive core 
that can be seen with a fluon»scope. This feature provides a distinct advantage over the eunently 
available sources which have a radioactive core of 10 mm or less in length. These point sources 
emit the equivalent 380 keV of energy in a less difEused manner. Thus the emitted energy hits 
the fluoroscope c&ectly and overrides its abiUty to visualize the radioactive source. Therefore. 
• 'the radioactive cores of currently available source wires are not directly visible with a 
Huoroscope and must be positioned inside the body without the visual confirmation allowed viith 
the present invention. 

A prefcned embodiment of the invention has a core 1 60 that is about 0.005" in diameter. 
"Thus, in this embodiment the core 160 is smaller in diameter than the backbone wire 130 thereby 
^'providing increased flexibility to the jaoximal end of the source wire 10. In feet, v/bea core 160 
has a smaller diameter than bacteone wire 130, the end of the source wire housing core 160 will 
have more flexibility than the portion of the source wire containix^ the backbone wire 130. This 
increased fiexibiHty at the fiont end of the source wire mil allow the source vnn to maneuver 
easier through tight bends and curves. 

Once the core 160 has been insetted into souree wire 10 the proximal end 140 of tube 120 
is rounded using an are welder, such as a nmgsten inert gas (or lIG) welder. The purpose of 
the rounded end of source wire 10 is to seal radioactive core 160 within the interior of tube 120 
and to fecilitaie the advancement of the source wire 10 thrt>\;«h an implanted catheter to the 
treatment site. - 
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FIGURE 2 illustrates a second embodiment 20 of the present invemioa Ttiis 
embodiment is similar in many respects to the embodiment shown in FIGURE 1 and will have 
the same reference numerals as the respective elements pictured in HGURE I. This embodiment 
also has an elongated cylindrical metal housing tobe 120. similar in dimensions and 
characteristics to the cube described wid) respect to FIGURE 1. A backbone wire 130. 
preferably constructed from the same material as the housing tube 120, is introduced to the 
interior of the housing tube 120 and extends from the distal end 150 thereof to an area positioned 
several millimeters (preferably about 32 nun) from the proximal end 140 of the tube 120. The 
backbone wire 130 is provided with rounded end 170 to aid its movement widiin the nibe 120 
and to allow greater pivoting of the assembly while reducing stress to the housing materiaL 

A radioactive core 160 is enclosed within a thin-walled capsule 220. This capsule 220 
is inserted into mbe 120 so that the distal end 230 of c^sule 220 ^ms the rounded end 170 of 
the backbone wire 130. The capsule 220 should be flexible and the wall of capsule 220 should 
be manufacmred to a thickness of between O.OOr and 0.0005". This thm capsule 220 should be 
made of a material that allows the passage of neutrons without obtaining significant radioactivity 
itsel£ Thus* should the capsule material become radioactive by neutron flux, die TT?a^f ri ftl and 
any contaminants of thaz material should have a shon half-life as compared to the radioactive 
core 160, It is important that the capsule 220 should emit less than 10% of the radiation emitted 
by core 160. 

The capsule 220 maylie madriiTa variety of ways. For example, it may be made from 
a carbon filament sealed with epoxy on botii ends, or it may be made of a very thin metallic 
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substance (cg^ ttianium, a high purity aluminum such as aluminum 1100, piadnum, or the 
titanium/nickel alloy described previously) with both ends welded, soldered, or glued closed In 
a preferred embodiment the iridium will be encapsulated before it is irradiated to forai Ir-192 and 
the capsule 220 will allow the passage of neutrons to irradiate the core 160. 

Once the c^sule 220 has been positioned within housing tube 120 adjacem to backbone 
. wire 130 an optional plug 250 may be inserted next to the proximal end 225 of capsule 220. 
When the desired components have been appropriately positioned, the proximal end 140 of source 
wire 20 is sealed and rounded as described above. A preferred embodiment of the invention will 
seal proximal end 140 by fusing the proximal end of tube 120 with an arc welder (when plug 250 
is not incorporated into the source wire). Alternatively, the proximal end of source wire 20 can 
be sealed and rounded by welding, gluing, or soldering the plug 250 to the proximal end of tube 
120 and rounding the proximal end with a router, grinder, sander, etc. to achieve a rounded end 
140. 

The preferred embodiment of capsule 220 will be rounded on both ends. Hie purpose of 
having a rounded distal end 230 of capsule 220 is to allow greater pivoting of the source wire 
20 while reducing stress to the housing material at the juncture of backbone wire 130 and capsule 
220. Although the preferred embodiment has a singie capsule 220, a plurality of capsules couid 
be employed in the present invention, or a plurality of cores 160 could be incorporated within 
a siiigle capsule 220. 

^FIGURE 3 iliusttates an additional embodiment ofa flexible source wire 30, this source 

wire Js similar m most respects* to the embodiments shown in FIGURES I and 2. In this 
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embodiment, similar elements in FIGURE 1 will have the same reference numemls as their 
respective elements in FIGURE 3. WGURE 3 shows a source wi« in which radioactive 
core 160 is located within an open-ended capsule 330. This capsule 330 is like capsule 220, 
except that it is open on the end proximate to the proximal end of the source wire 30. When 
open-ended capsule 330 is used, an optional plug 350 may be placed over the open end of 
capsule 330 before it is sealed. Open ended capsule 330 may be sealed by welding the proximal 
end of the capsule 330 to the proximal end of the mbe 120, if the capsule 330 and the mbe 120 
are made of the same material. Alternatively, if plug 350 is used then plug 350 may be ^ 
composed of die same material as tube 120 and may thus be welded to the proxhnal end 140 of 
tube 120. However, ahemadve means of sealing the proximal end of c^sule 330 and tube 120 
may also be employed. 

Open-ended capsule 330, like capsule 220 shown in FIGURE 2, is posidoned acgacest 
to rounded end 170 of backbone wire 130. The distal end 340 of open-ended capsule 330 is 
rounded to fiuiHtate bending of source wire 30 at the juncture of backbone wire 130 and 
open-ended capsule 330. 

FIGURE 7 iUustrates an alternative embodimem of the source wire where the backbone 
wire consists of a series of ball-Iike sttucnires 705 interconnected wiA short lengths of a thin 
wire 708. This configuration provides increased flexibiUty throughout the length of die source 
wire with each ball acting as a pivoting agent and relieving stress to the wall of housing tube 
120. FIGURE 7 also shows radioactive source 160 having a thin coating 712 of a neutron 
permeable material. The coating 712 may be an electroplated coating of a material such as gold, 
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titandum, platinum, ecL Coaxing 712 may also be made of non-metallic materials such as a 
hardening agent (e.g., glue or aciylic). Coating 712 may be applied to core 160 by brushing* 
dipping, painting or molecularly bonding the coating material to the outer sur&ce of core 160. 
Coating 712 will completely cover the outside surface of core 160 and will function to prevent 
the flaking of the radioactive core 160. 

FIGURE 4A sho>vs a preferred embodiment of the present invention. This embodiment 
of a flexible source wire 40 is similar in many respects to the embodiments shovm in FIGURES 
I and 3. Therefore the elements in FIGURE 4 corresponding to similar elements in FIGURES 
1 and 3 are given the same reference numerals as their respective elements in FIGURES I and 
3. The embodiment illustrated in FIGURE 4A has a different configuration of its backbone wire 
to that shown in any of the other embodiments and includes an uzst^ered portion 430, a turned 
pordon 440, and a rounded area 450. Hie backbone wire of source wire 40 is tapered at its 
proximal end. Backbone wire 420 is tapered over approximately the last 0.5" to ZO" of its 
proximal end. The taper 440 goes from a 100% width of the untapered backbone wire 430 to 
about 30% to 60% of the width of the unt^ered baclAone wire 430 as die taper extends toward 
the proximal end of source wire 40. Taper 440 of backbone wire 420 temiinates in a rounded 
area 450, where rounded area 450 q>proximates the shape of a ball. This configuration allows 
the source wire 40 to release some of the soess on the outer wall of housing tube 120 when the 
source wire bends to transversie a tight comer. In fact the stress placed on rounded area 450 and 
translated to backbone wire 420 will cause the backbone wire to crumple along ^ tapered area 
as illusoated in FIGURE 4B. However, since the backbone wire 420 is made from a flexible 
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material that exhibits little or no memoiy retention when it is bent, or more specificaUy a 
material that can accept up to a 1% strain with less than a 1% altention in its oiiginal shape, the 
backbone wire 420 will resume its original shape when the stress is removed and the source wire 
traverses a straight passage. The novel design of backbone wire 420 increases ihe flexibility and 
maneuverability of the source wire 40. as well as decreasing the stress on the wall of housing 
tube 120. By decreasmg the stress on housing mbe 120, this backbone design allows the use of 
a smaller diameter source wire than is currently available. 

An optional feanire of each of the source, wire embodiments is to anach the backbone 
wire 130 or 420 to the inner surface of the housing tube 120 by weldmg, filing, soldering, 
gluing, etc. Sites of attachment 168 are shown in FIGURES 1-4. These sites of attachment 1^8 
provide an imemal safety device that insures that if the housing mbe 120 were to break that the 
ladioactive core 160 would not separate from the backbone wire 130 and could be retracted fiom 
the patient. HGURES 5 A through C iUusuate what happens if the housing tube 120 breaks and 
the backbone wire 130 is not attached to the inner surfece of tube 120. FIGURE SB shows 
where tube 120 has broken and HGURE SC shows how the radioactive core 160 would be left 
in the patient when the backbone wire 130 was retracted. In contrast, when backbone wire 130 
is a n arfa ed to the inner sutfece of tube 120 ai attachment sites 168, as seen in FIGURE 5D, if 
the metal housing tube 120 breaks at any point distal to attachment sites 1 68 then the radioactive 
core- 160 will still be attached to die backbone wire 130 and wiU be tenacted fiom the patient 
when the backbone wire 130 is withdrawn, as seen in FIGURE 5E. 
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Another optional feature of the source wires described herein is to provide a seal 178 
between the inner suz&ce of housing tube 120 and backbone wire 130 by welding, fusing, 
soldering, gluing, etc. the backbone wire to the interior sur&ce of housing tube 120. This seal 
178 cbuld also serve as an attachment site 168. 

Seal 1.78 may be made by a number of methods. One such method would be to thread 
the backbone wire 130 through the length of the housing tube. Ths distal end of the wire would 
be marked at the point where the proximal end of the wire is flush with the proximal end of the 
housing tube 120. The backbone wire would then be pushed forward and a smaU amount of slow 
drying epoxy placed around the circumference of the backbone wire 130 about two centimeters 
fixjm the proximal end of the wire. Once the epoxy is added to the wire, the wire would be 
puUed back into the housing nibe until the mark on the distal end extended from the distal end 
of the housing tube the appropriate distance, prefiaably about 32 mm. The backbone wire would 
then be cut flush with the distal end of the wire and welded to the housing tube_to seal the distal 
end of the backbone wire 130. Any glue adhering to the mtemal sui&ce of the proximal portion 
of the housing mbe, where the epoxied backbone wire was drawn through the housing mbe, 
would be reemed out before the radioactive core 160 was inserted into the backbone wire. 

An aitemaiive method of producing a seal 178 would be to follow the procedure described 
above, except to aUow the epoxy to dry before drawing the proximal end of the backbone wire 
back into the housing mbe. The epoxy ring would then be ground or sanded to fit snugly within 
the housing tube 120. - 
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Seal 178 would encircle backbone wire 130 dosing off gap 175 and thereby preventing 
any "flakes" from the radioactive core 160 from migrating through gap 175 between the backbone 
wire 130 and the inner surface of housing tube 120. Sea! 178 is typically incorporated into 
embodiments of the invention where radioactive core 160 is not enclosed in a c^sule or 
encapsulated as seen in FIGURE I and FIGURE 4C. 

Seal 178 and attachment site 168 are produced in a similar manner. The major difference 
between seal 178 and attachment site 168 is that attachment site 168 may only attach a small 
segment of the diameter df backbone wire 130 to the mner surface of the housing tube 120. 
Thus, gap 175 may not be totally closed ail around the backbone wire 130 when the backbone 
wire 130 is only attached to the inner surface of mbe 120 at a smaU portion of its circumference 
as may happen in fonning an attachment site. 

Yet anotiier optional feamre of the source wires described herein (but not shown) would 
be to coat the exterior surface of the source wire with a non-oxidizing agent, such as gold. In 
one embodiment of the present invention, a thin gold layer {from approximately 1 to 10 microns 
thick) would be electroplated over the outer surface of metal tube 120, or at least that portion 
of the surfece overlying the radioactive core 1 60 and preferably extendii^ over the proximal end 
140 of the source wire. Furthcnnore, the gold coating of the source wire would preferably be 
done prior to loading the radioactive core 160 into housing tube 120. 

The &brica£ion of the source wires shown in FIGURES 1-4 is described below. The fixst 
step in the m a nufac ture of the described source wires is to~obtain the metal tubing diat will be 
used to make the housing tube 120. Once the mbing is acquired, a calibrated micrometer for 
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measuring the outside diameter and caUbrated rods for measuring the inside diameter are used 
to validate that the tubing meets the manufecturer's specifications. The preferred embodiment 
of the present invention uses Tinel Alloy BB tubing of an external diameter of 0.014 fiom 
Raychem Corporation. 

The backbone wire is also commercially obtained. For the backbone ^virc 130. a solid 
wire of rmel Alloy BB is ordered that has a diameter of 0.0085". Rounded end 170 of backbone 
wire 130 is produced using the heat from a TIG welder. 

Backbone wire 420 is made by taking the Tinel Alloy BB wire ordered and grinding it 
down with an electric Sander. TT^c wire is held in a pin vise and rotated while grinding to taper 
thewire. Hie tapering can be done automatically or manually. The tapered end is e«unined 
under a microscope and with a micrometer to ensure that it is tapered sufficiemly (It., with the 
right degree of reduction in the diameter of the wire and that it is evenly tapered). Once the 
appropriate taper of backbone wire 420 is achieved then the rounded area 450 is foimed on the 
tapered end of backbone wire 420. The rounded area 450 is formed by heating the tapered end 
of backbone wire 420 with an arc welder after placing the tapered end of backbone wire 420 into 
a heat sink (preferably made of aluminum, copper, biass, or any other material that will absorb 
heat away from the protected object) at a predetermined distance above the heat sink. TTie 
dimensions of the rounded area 450, or baU. will be detetmined by the gap between the top of 

the wire and the bottom of the mngsten wddmg rod and by the length of the wire above the heat 
sink 650 that is«^s.a to the heat of the TIG welder. Typically the wire is placed 0.025" (or 
about 0.1 mm) above the heat sink 650 using a feeler gauge. A feeler gauge is also used to set 
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a gap of about 0.030" between the top of the wire and the bonom of the welding rod. Once die 
tapered end of backbone wire 420 is placed the proper distance from the heat sink 650 and 
welding rod, the tapered end of the wire 420 is exposed to a TIG welder. The metal above the 
heat sink 650 will melt and form a rounded area 450. Typically, the rounded area will be a baU 
of about 0.0085*' in diameter, or of a similar diameter as the untapered backbone wire. 

Next a wire of about 32 mm in length is threaded into the lumen of the housing tube at 
what will become the proximal end 140 of the tube 120. The backbone wire 130 or 420 is then 
threaded through the distal end of the lumen of the housing tube 120 until it reaches the 32 ram 
wire placed at the proximal end of the tube 120. The backbone wire is marked where it exits 
the distal end of the tube 120. The backbone wire is then cut at the mark and is redireaded into 
the lumen of the housing tube 120 so that the cut end of backbone wire 130 or 420 is flush with 
the distal end of housing tube 120. The distal end of the wire is then welded to the distal end 
of tube 120 with a TIG welder. Tliis provides a naunded end 150 of the source wire that has a 
slightly larger diameter than tube 120 and provides an end that can be inserted into an 
afterloader, where the source wire can be held m place by the rounded end 150 and a set screw 
that is tightened into the wire just below the rounded end ISO. 

Next the 32 mm wire that was placed in the proximal end of housing tube 120 is 
removed The proximal end of the housing tube 120 is then set about 0.025" above a heat sink 
650, The heat sink 650 is also used as a clamping device to hold the wire m place. A gap of 
about 0.035" is set between the top of the housing nibe 120 and the bottom of the welding rod- 
Then an iridium fiber, which has been irradiated in a nuclear reactor to the desired radioactivity 
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and held for 1 1 to 14 days to purge die iridium fiber of any short lived radioactive contaminams. 
is removed fiom its container. The iridium fiber may or may not be encapsulated as described 
above. The iridium fiber is preferably 30 mm in length and about 0.005" in outside diameter. 

The radioactive iridium fiber is loaded into the housing tube 120 using a funnel, lbs 
iridium fiber is made flush vvith the bottom of the funnel. A small rod, having a proper length 
and outside diameter, is used to countersink the Ir-192 about 2 mm ftom the top of the housing 
tube 120. The fiamel is then removed. TTie assembly of the radioactive core 160 into the 
housing nibe 120 is done using hand manipuiatois behmd a leaded glass with lead shields so that 
the human assembler is not exposed to radiation. The forceps, fimnel and heat sink used during 
the process that may have touched the radioactive core 1 60 must be decontaminated or disposed 
ofproperiy. 

Once the iridium fiber, or encapsulated fiber, is set in the proximal end of the housing 
tube 120, as illustrated in FIGURE 6, the exposed proximal end of tube 120 is subjected to the 
heat of a TIG welder. This fuses the exposed end of the housing nibe or welds it to plug 350, 
if 350 plug is present Without the heat sink the heat would go directly to the iridium fiber and 
would oxidize, v^rize or fiacnire the iridium core 160 causing contamination of the outside 
surface of the source wire rendering it unusable. However, if the housing nibe is placed a 
distance Y above the heat sink 650 and the radioactive core 160 is placed a distance X below 
the top of the heat sink 650 then the TIG welder wiD cause the tube 120 to seal the proximal end 
140 of the source wire without affecting the radioactive eon 160. As long as the distances 
between the top of the housing tube and the heatsink, as well as the top of the housing mbe and 
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the bottom of the welding rod aie correct, a rounded surface ranging from about 0.016" to about 
0.018- in diameter results. The size of the rounded area is verified with gauges so that the 
resulting source wire will fit into the internal diameter of the positioning catheter that is used to 
properly place the radioactive source wire at the treatment site. Once the source wire has been 
fibricated, it is wiped clean with swabs and loaded into a lead container to await use in a patient 
Havmg described several embodiments of the new and improved flexible source wire for 
radiation treannent in accorliance with the present invention, it is believed that other 
modifications, variations and changes will be suggested to those skilled in the art in view of the 
description set forth above. It is therefor to be understood that all such variations, modifications 
and changes are believed to fall uiihin the scope of the invention as defined in the appended 
claims.. 
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WHAT IS CLAIMED IS: 

1. A source wire for radiation treatment of disease within a body comprising: 

a generally cylindrical elongated housing nibe having an outer surface, an interior 
surface, a distal end and a rounded proximal end, said tube constructed of a material that can 
accept up to a 1% strain with less than a 1% permanent alteration in its original configuration; 

a flexible backbone wire having a first end and a second end, said wire encased 
and secured within said housing mbe wherein said first end is adjacent to said distal end of said 
tube and said second end is rounded; and 

means for emitting radioactivity, said radioactive means localized within said 
housing mbe adjacem to said rounded second end of said wire and proximate to said proximal 
end of said housing mbe, >^erein said proximal end is sealed to prevent the release of said 
radioactive core. 

2. The source wire of claim 1, wherein said radioacrive nr?« >^n5 has a smaller outer 
di a me ter than said flexible backbone. 

3. The source wire of claim 1 , wherein said housii^ tube is made of a titanium/nickel 

alloy. 
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4. The source wire of claim 3, wherein said titaniuni/iuckel alloy is composed of 
about 55% nickel and about 45% dtandum. 

5. The source wire of claim I , wherein an outer diameter of said housing tube is fiom 
about 0.012 in. to about 0.018 in. 

» 

6. The source wire of claim I. wherein said backbone wire is made of the same 
material as said housing tube. 

7. Tlie source wire of claim 1; wherein the first end of said backbone wire is attached 
to the distal end of said housing tube. 

8. The source wire of claim 1, wherein said backbone wire is affixed to said interior 
sux&ce of said housing tube at more than one site. 

9. The source wire of claim I, wherein said outer suifece of said housing tube is 
coated with a non-OTcidizmg agent. 


lO: The source wire of claim 9» wherein said non-oxidizing agent is gold. 


wo 96/40352 


11. 

a flurorscope. 


FCT/US96/08688 

The source wire of claim 1, wherein said radioactive means can be visualized with 


12. The source wire of claim 1, wherein said radioactive means comprises Ir-192. 

13. The source wire of claim 1, wherein said radioactive means is at least 20 mm in 

lengtL 

14. The source wire of claim 1 , wherein said radioactive means is encapsulated within 
a thin-walled neutron pemieabie material prior to being localized within said housing tube. 

15. The source wire of claim 14, wherein said cncapsulatmg material is gold, cpoxy, 
carbon, titanium^ pladum, nickel, high puii;y aluminum, or mixtures thereof. 

16. The source wire of claim 1, further conyjrising a scaling device located between 
said backbone wire and said inner sur&ce of said housing mbe; said sealing device encircles said 
backbone wire to prevent radioactive material fiom migrating along said housing tube distal to 
said sealing device. 
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17. The source wire of claim 1, wherein said backbone wire includes an untapered 
poxtion, a tepered region, and a rounded area, said rounded area adjacent to said radioacuve 
means. 

18. The source wire of claim 1 7, wherein said tapered region of said backbone wire 
extends torn about 0.5 inches to about 2.0 inches proximate to said rounded area. 

19. The source wire of claim U wherein said backbone wire comprises a series of 
rounded balHike sections interconnected by a wire having a smaller diameter than said ball-like 
sections. 

20. The source wire of claim I further comprising means for reducing stress at said 
proximal end of said backbone wire. 

21. The source wire of claim 20 wherein said stress reducing means includes a 
rounded area on said second end of said backbone wire, said rounded area being acljacent to siud 
radioactive core and attached to a tapered region of said backbone wire. 

22. The source wire of claim 1, wherein said radioactive means is a sixigle radioactive 

source. 


wo 9(1/40352 


PCr/US96/08688 


23. The source wire of claim U v^erein said radioactive means comprises a plurality 
of radioactive sources. 

24. A source wire for radiation treatment of disease within a body comprising: 

a generally cylindrical elongated housing tube having an outer surface, an interior 
surface, a distal end and a rounded proximal end, said tube consoucted of a material that can 
accept up to a 1% strain with less than a 1% permanent alteration in its original configuration; 

a flexible backbone wire having a first end and a second end, said wire encased 
and secured within said housing mbe wherein said first end is adjacent to said distal end of said 
tube and said second end is rounded; and ^ - ' 

a capsule localized within said housing tube adjacent to said rounded second end 
of said wire and proximate to said proximal end of said housing mbe; 

means for emitting radioacdvity, said radioactive means situated within said 

capsule; and 

>;^eretn said proximal end of said housing mbe is sealed to prevent the release of 
said radioacdve core. 

25. A source wire for radiadon treatment of disease within a body comprismg: 

a generally cylindrical elongated housing tube having an outer surfece, an interior 
surface, a distal end and a rounded proximal end, said tube constructoi of a material that can 
accept up to a 1% strain with less than a 1% pemianent alteration in its original configuration; 
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a flexible backbone wire having a first end and a second end, said wire encased 
and secured within said housing tube wherein said first end is adjacent to said distal end of said 
tube and said second end is rounded; and 

an encapsulated radioacd ve core localized within said housing tube adjacent to said 
rounded second end of said wire and proximate to said proximal end of said housing tube, 
wherein said proximal end of said housing tube is scaled to prevent the release of said radioactive 
core. 

26. A source wire for radiation treatment of disease wiihin a body comprising: 

a generally cylindrical elongated housing tube having an outer surfece, an interior 
surfecc, a distal end, and a rounded proximal end, said tube consmicted of a nickel/titanium 
alloy; 

a flexible backbone wire having a first end and a second end, said wire encased 
within said housing tube wherein said first end is attached to said distal end of said tube and said 
second end is rounded and adjoins a tiered area of said backbone wire, said backbone wire 
being afiSxed to said interior sui&ce of said housing mbe at one or more points; and 

a radioacdve core localized within said housing tube adjacent to said rounded 
second end of said wire and proximate to said proximal end of said housing tube, wherein said 
radioactive core has a smaller diameter than said bacid)one wire; and 

wherein said proximal end of said housing tiibe is sealed to prevent the release of 
said radioactive core. 
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27. A process for maau&cmring a radioactive source wire for inadiating diseased 
tissue, said process comprising the steps of: 

providing a thin, flexible tube, said tube having an outer surface, an interior 
surface, a distal end, a proximal end, and a lumen of a predetermined diameter; 

inserting a flexible backbone wire into the lumen of said distal end of said tube 
for a predetermined distance; 

inserting a radioactive core into the lumen of said proximal end of said tube undl 
it abuts said flexible wire; and 

sealing said distal end and said proximal end of said tube. 

28. The process of claim 27 further comprising the step of attaching said backbone 
wire to said interior surface of said tube at one or more points. 

29. The process of claim 27 wherein said radioactive core has a smaller outer diameter 
than said flexible backbone. 

30. The process of claim 27, wherein said tube is made of a nickel/titanium alloy. 

31. The process of claim 27, whereia said tube and said backbone wire arc composed^ ~ 
of &e same m^^^rd. 
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32. The process of claim 27, fimfaer comprising the step of coating said outer sur&ee 
of said source wire vnA a non-oxidizing agent 

33. The process of claim 27» further comprising the step of providing a seal between 
said backbone wire and S2ud housing tube along a portion of said housing tube. 

34. The process of claim 27, wherein said radioactive core is encapsulated in a neutron 
penneable material prior to being inserted into said tube. 

35. A process for manufacturing a radioactive source wire for inadiating disfa^fd 
tissue, said process comprising the steps o£ 

providing a thin, flexible tube, said tube having an outer sur&ce, an interior 
surface, a distal end, a proximal end, and a lumen of a predetermined diameter, 

inserting a flexible backbone wire into the lumen of said distal end of said mbe 
for a predetenouned distance; 

inserting a capsule into the Imnen of said proximal end of said tube until it abuts 
said flexible wire; 

inserting a radioactive core ixito said capsule; and 

sealing said distal end and said proximal end of said tube. 
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36. A process for fflanu&eturing a radioactive source udre for irradiating diseased tissue, said • 
process comprising the steps of: 

providing a thin, flexible tube, said nibe having an outer sut&ce, an interior 
surfece, a distal end, a proximal end, and a lumen of a predetermined diameter, said tube being 
made of a nickel/titanium alloy; 

providing a flexible backbone wire made of a nickel/titanium alloy, said backbone 
wire having a first end and a second end; 

tapering said first end of said backbone wire, said tapexcd area having a smaller 
end and a larger end wherein said larger end of said t^>ered portion adjoins an untapered portion 
of said backbone wire; 

rounding said smaller end of said tapered area of said backbone wire; 

inserting said smaller end of said tapered pordon into the lumen of said distal end 
of said mbe for a predetemained distance; 

welding said second end of said backbone wire to said distal end of said mbe; 

attaching said backbone wire to said interior surfece of said housing mbe at one 

or more sites; 

inserting a radioactive core into the lumen of said proximal end of said tube until 
said radioactive core abuts said flexible wire; and 

fusing said proximal end of said tube to prevent the release of said radioactive 
core. 
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